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摘 要 
背景：至今，梅毒活动性和疗效评价依然困难，缺乏梅毒疗效评判标准，临床上
通常采用血清非特异性抗体滴度和/或滴度四倍下降作为参考指标。然而，有关
梅毒患者在梅毒螺旋体（Treponema pallidum，T. pallidum）自然感染过程中非特
异性抗体变化仍然不清。本研究建立 T. pallidum 感染早期梅毒兔模型，监测自然
感染和抗生素治疗过程中血清Rapid Plasma Reagin (RPR)滴度和皮损中核酸载量
变化，以及不同脏器中梅毒螺旋体核酸的分布，并进一步采用脏器标本接种新西
兰兔观察感染率和疗效，探究实时荧光定量 PCR 技术在早期梅毒活动性和疗效
判断中的应用价值。 
方法：选择梅毒血清抗体阴性的新西兰雄兔各 10 只，采用背部接种法分别接种
梅毒螺旋体 Nichols 和 Amoy 株。然后，随机将 10 只兔分为两个亚组：苄星青
霉素（Benzathine penicillin G, BPG）治疗亚组和未治疗亚组。定期采集血清、皮
损和脏器标本，检测血清 RPR 滴度、皮损和脏器 T. pallidum DNA 和 mRNA 载
量，并进行脏器标本接种兔感染性试验（rabbit infective test, RIT）。 
结果：不论是 Nichols 组还是 Amoy 组，BPG 治疗亚组的皮损直径都明显小于未
治疗亚组（p < 0.05）。同一种梅毒螺旋体株接种的感染兔血清 RPR 滴度在两个
亚组之间没有差异（p > 0.05）。血清 RPR 滴度在 Nichols 组中总体低于 Amoy组。
有趣的是，我们发现血清 RPR 滴度四倍下降不仅发生在 BPG 治疗兔，也出现于
未治疗兔，此外，RPR 滴度四倍下降率与其基线滴度有关。我们还发现在 BPG
治疗之后皮损 DNA 载量迅速下降，明显低于未治疗亚组（p < 0.05），与皮损直
径的变化一致。同时，BPG 治疗之后皮损中 mRNA 的表达迅速下降，明显低于
对照组（p < 0.05），并在 BPG 治疗一周后转阴。兔感染性试验显示未治疗兔脏
器标本的转染成功率（5/6，83%）与睾丸和淋巴结混合脏器中 T. pallidum mRNA
阳性率（5/6，83%）相一致，我们还发现睾丸中的核酸阳性率（11/12，92%）
高于淋巴结（7/12，58%）。另外，T. pallidum mRNA 诊断梅毒活动性的敏感性
（89.9%）明显高于 RPR 滴度四倍下降（30%），与 RIT 一致（66.7%），特异性
在这三种方法中也较一致。 
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结论：在早期梅毒兔中，血清 RPR 滴度的四倍下降不适合作为疗效评价的指标。
相反，皮损中的 T. pallidum mRNA 表达和 DNA 载量变化可以作为梅毒活动性和
疗效评价的指标。此外，通过检测睾丸和淋巴结中 T. pallidum mRNA 水平可以
替代兔感染性试验，提高梅毒活动性诊断。 
关键词：梅毒、梅毒螺旋体、RPR 滴度、活动性、疗效评价、四倍下降、实时
荧光定量 PCR、兔感染性试验
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Abstract 
Background: Currently, the assessment of the syphilis activity and treatment are 
extremely difficult and lack of efficacy evaluation criteria. Therefore, clinicians 
usually, used serum nontreponemal test antibody titers and its four-fold decline in 
titers as a judgment index for syphilis activity and treatment efficacy evaluation. 
However, the dynamic change of the nontreponemal test antibody titers during the 
Treponema pallidum (T. pallidum) infection course is still unclear. In this study, we 
used a rabbit model challenged with different T. pallidum strains to examine dynamic 
change in the Rapid Plasma Reagin (RPR) titer, lesions and T. pallidum mRNA and 
DNA level during the antibiotic treatment and infection process, and further the 
infected organs extractions into rabbits’ testis to observe the rabbit infective test (RIT) 
positive rate as well as the effectiveness of antibiotic treatment, so as to explore the 
application value of real-time quantitative PCR (qPCR) in syphilis activity and 
therapeutic efficacy evaluation . 
Methods: Ten seronegative New Zealand white male rabbits were inoculated 
intradermally at ten sites on their clipped backs with T. pallidum Nichols and Amoy 
strain, respectively. Then, the rabbits were further divided into two subgroups: a 
Benzathine penicillin G (BPG) treatment subgroup and non-BPG control subgroup. 
Serum samples, lesion biopsies, and different organs were collected at scheduled time 
intervals for RPR titers, DNA, and mRNA detection, and RIT of different organs.   
Results: The results indicated that the lesion diameters were significantly greater in 
the non-BPG control subgroups than in the BPG treatment subgroups challenged with 
the same strain (p < 0.05); however, the serum RPR titers did not significantly differ 
between  BPG-treatment subgroups and non-BPG control subgroups (p > 0.05). The 
RPR titers in the Amoy strain-challenged rabbits were generally higher than those in 
the Nichols strain-challenged rabbits. Interestingly, a four-fold decrease in RPR titer 
was observed not only in the BPG-treated rabbits, but also in the non-BPG-treated 
rabbits. The rate of a four-fold decrease in RPR titers would be depending on the 
different baseline titer. After BPG treatment, the lesion DNA level was significantly 
decreased compared with that in the non-BPG-treated rabbits (p < 0.05), consistent 
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with disappearance of the lesions. We also found lesion mRNA level was significantly 
decreased compared with that in the non-BPG-treated rabbits (p < 0.05), and after a 
week of treatment, lesion mRNA was almost undetectable. In addition, the positive 
rate of RIT infected with the mixed testis and lymph nodes extractions from 
non-BPG-treated rabbits was consistent with its T. pallidum mRNA positive rate (5/6, 
83%), and the positive rate of T. pallidum nucleotides (DNA and mRNA) in testis 
(11/12, 92%) was higher than lymph notes (7/12, 58%). In addition, T. pallidum 
mRNA had a higher sensitivity (89.9%) for activity than four-fold decrease of RPR 
titer (30%) and similar to that of RIT (66.7%), and specificity had no difference 
among them. 
Conclusions: In rabbits with early syphilis, a four-fold decrease in the RPR titer 
should not be used to assess therapeutic efficacy. Instead, the T. pallidum mRNA 
expression level and variation of DNA load in lesions may be used for evaluating 
syphilis activity and therapeutic efficacy. In addition, detection of T. pallidum mRNA 
in testis and lymph nodes could be a potentially useful measure for assessment of the 
syphilis activity instead of RIT. 
 
Keywords: Syphilis; Treponema pallidum; RPR titer; desease activity; therapeutic 
evaluation; four-fold decrease; real-time quantitative PCR; rabbit infective test;
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缩略词及中英文对照表 
缩写 英文全程 中文全称 
T. pallidum Treponema pallidum subspecies pallidum 梅毒螺旋体苍白亚种 
PCR Polymerase Chain Reaction 聚合酶链式反应 
qPCR Real-time quantitative PCR 实时荧光定量 PCR 
RIT Rabbit Infective Test 兔感染性试验 
NRS Normal Rabbit Serum 正常兔血清 
RPR Rapid Plasma Reagin 快速血浆反应素 
TPPA Treponema Pallidum Particle Assay 梅毒螺旋体颗粒凝集试验 
TP0574 47-Kilodalton Membrane Protein 47 kDa 膜蛋白 
HPRT Hypoxanthine Phosphoribosyl Transferase 次黄嘌呤磷酸核糖基转移酶 
bp Base Pair 碱基对 
DNA Deoxyribose Nucleic Acid 脱氧核糖核酸 
mRNA Messenger Ribonucleic Acid 信使核糖核酸 
DH5α E. coli DH5α Competent Cells 感受态细胞 
DFM Dark Field Microscope 暗示野显微镜 
BPG Benzathine Penicillin G 苄星青霉素 G 
SDS Sodium Dodecyl Sulfate 十二烷基磺酸钠 
TAE Tris Acetate EDTA Buffer TAE 缓冲液 
Tris Trishydroxymethylaminomethane 三羟甲基氨基甲烷 
DEPC Diethylpyrocarbonate 焦炭酸二乙酯 
EDTA Ethylene Diamine Tetraacetic Acid 乙二胺四乙酸 
rpm Revolutions per Minute 每分钟转速 
X-Gal 5-Bromo-4-Chloro-3-Indolyl-β-D-Galactoside 5-溴-4-氯-3-吲哚-β-D-半乳糖苷 
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